We used P-element transposase mediated "male recombination" between two Pelements in trans to create genetic deletions that removed a number of loci, including the gene encoding the neuropeptide Crustacean Cardioactive Peptide (CCAP). Two classes of recombinant chromosomes were produced. Approximately one quarter were viable when homozygous or hemizygous, whereas the remaining lines caused homozygous and hemizygous lethality. Preliminary analyses using PCR and CCAP immunohistochemistry suggested that, whereas the DNA of the viable lines was largely intact, most lethal lines contained chromosomal deletions that were roughly bounded by the insertion sites of the two P-elements used. Southern blot analyses of select lethal lines showed that the DNA flanking the deletion was indeed grossly intact whereas the intervening DNA could not be detected. Sequencing across the deletion in three of these lethal lines identified a single line bearing intact genomic DNA on either side of the deletion separated by 30 base pairs of P-element DNA. The method described here suggests a simple procedure for creating deletions with defined end-points. Importantly, it can use pre-existing P-element insertion strains and does not rely on the use of transposable elements that are engineered to cause specific DNA rearrangements.
INTRODUCTION
Understanding gene function is greatly aided by the availability of mutant alleles. In Drosophila a variety of methods presently exist that make use of engineered mobile elements to disrupt specific sequences (Reviewed in VENKEN and BELLEN 2005) .
They range from methods that allow for the targeted disruption of particular genes (e.g., RONG 2002; GONG and GOLIC 2003) , to methods that permit the efficient identification of specific mutations from a large pool of mutagenized chromosomes (e.g., BALLINGER and BENZER 1989; KAISER and GOODWIN 1990) , to methods for producing tailor-made genetic deletions (e.g., COOLEY et al. 1990; HUET et al. 2002; PARKS et al. 2004; RYDER et al. 2004 RYDER et al. , 2007 .
Drosophila P mobile elements have been extensively used for insertional mutagenesis (e.g., COOLEY et al. 1988; RØRTH 1996; DEAK et al. 1997; SPRADLING et al. 1999; LUKACSOVICH et al. 2001; BELLEN et al. 2004 ) and many of the insertions have been molecularly mapped and are publicly available as part of the ongoing effort of the Berkeley Drosophila Genome Project Gene Disruption Project (SPRADLING et al. 1999; BELLEN et al. 2004; cf. http://flypush.imgen.bcm.tmc.edu/pscreen/). In addition to their utility for insertional mutagenesis, these mapped P-elements can be used to produce genetic deletions of surrounding loci. Some of these elements have been specifically constructed to make deletions with defined end points by including DNA recombinase recognition sites (e.g., PARKS et al. 2004; RYDER et al. 2004 RYDER et al. , 2007 . However, for most insertions, one must resort to using either imprecise excision (e.g., TSUBOTA and SCHEDL 1986; SALZ et al. 1987) or P-induced "male recombination" (PRESTON et al. 1996 ). Yet, deletions produced using these methods are typically relatively small, or, at least, their size cannot be controlled. In contrast, the excision of two P-elements in cis can result in the loss of the intervening DNA, thereby producing deletions with defined end-points (COOLEY et al. 1990) . In their report, COOLEY et al. (1990) did not recover the desired deletion when the two P-elements were in trans. This result reduced the utility of the method for the isolation of small deletions since the parental P-elements would first have to be placed in cis, a task that becomes increasingly difficult the closer the two P-elements are to one another. More recent reports (PARKS et al. 2004) have shown that deletions can be obtained from trans-heterozygous P-elements. Although the endpoints of the deletions appeared to correspond to the positions of the P-element insertions, no analysis of the breakpoints was provided. Here, we report the first detailed characterization of the deletions produced by such a method. We show that the boundaries of these deletions are roughly defined by the two P-elements, and identify deletions that precisely remove only the intervening ~40Kb of DNA. Based on these findings, we discuss various strategies that can be used to generate deletions with precise end points using P-elements in trans. stocks not specifically listed were also obtained from this source. All cultures were raised on standard Drosophila cornmeal-agar medium and maintained at room temperature. Both "L" and "B" P-element stocks are viable when homozygous and are marked with the eye color gene mini-white.
MATERIALS AND METHODS

Transposition of P-elements in trans:
In order to cause P-induced "male recombination" between "L"-P-element, P{lacW}l(3)L0580
L0580
, and "B"-P-element,
P{GT1}CG17618
BG02691
, the recessive eye color mutations st 1 and ca 1 were first recombined onto the "L" and "B" bearing chromosomes, respectively, using standard meiotic recombination.
P-induced male recombination between the resulting st 1 "L" and "B" ca 1 bearing chromosomes was then produced using the following scheme: DNA was extracted using the procedure of E. J. Rehm (BDGP protocol, cf., Methods under www.fruitfly.org) except that 10 flies or 10-20 3 rd instar larvae were used, and the DNA was resuspended in a final volume of 50 µL.
One µL of DNA was used for each 20µL PCR reaction, which was run using the following conditions: 94°C (3 min); then (40) cycles of 94°C (45 s), 58°C (1.5 min), 72°C
Paré, Dean, and Ewer, revised 8 (1.5 min/Kb of product); followed by (1) cycle at 72°C for 1 min/Kb of product. For most reactions, Taq polymerase was from Promega Corp. For reactions producing >3Kb products, Taq from Roche was used (Expand Long Template PCR system).
The primers used are listed in supplemental Table 1 , and their position relative to the "L"
and "B" P-elements is illustrated in Fig. 1 . The size of the expected PCR product ranged from 670-980bp (average 868bp). , act-gfp and hemizygous adults were collected and stored at -80°C. DNA was isolated from frozen tissue using a glass homogenizer and the Genomic DNA Purification Kit (Gentra Biosystems) following manufacturer instructions.
Southern Blot analysis
Genomic DNA was EcoRI-digested and 2-3 µg were loaded in each lane of a 0.7% agarose gel. Southern blotting was done onto positively charged nylon membranes using 20XSSC as described in SAMBROOK AND RUSSELL (2001). After blotting overnight, briefly rinsing in 6XSSC, and UV crosslinking, membranes were vigorously rinsed in distilled water, allowed to air dry, and stored at room temperature.
Probe templates were made using standard PCR protocols, using GoTaq polymerase (Promega) and BACR23F10 (obtained from the BACPAC Resource Center at Children's Hospital, Oakland Research Institute, Oakland, California, USA) as PCR template. The PCR primers used are listed in supplemental Table 2 and the position of the resulting probes is indicated in Fig. 3 , below. Probe size ranged from 2.5 to 3.2Kb in length (average: 2.8 Kb). PCR products were run on a low melt agarose gel, the bands of the correct size were excised, and purified using the Wizard SV Gel and PCR Clean-Up System (Promega). Probes were made by labeling these DNA templates using the DIG DNA Labeling kit (Roche Applied Science) following manufacturer instructions.
Prehybridizations and hybridizations were done for 2-4 hours and 14-18 hours respectively at 65°C in 0.5M sodium phosphate (pH 7.2), 1mM EDTA, 7% SDS, and 1%
BSA using a probe concentration of 25 µg/mL. After hybridizations, blots were rinsed at 65°C in 2 changes of 2XSSC + 1%SDS, followed by 2x30' changes of 0.2XSSC + 0.1% SDS. All remaining steps were carried out at room temperature. Blots were rinsed briefly in MB buffer (0.1 M maleic acid, 0.15M NaCl; pH 7.5) + 0.3% Tween-20, then blocked in MB + 3% milk powder for 1 hour. After two brief rinses in MB + 0.3% Tween, blots were incubated for 30 minutes in alkaline phosphatase-conjugated antidigoxygenin polyclonal serum (Roche Applied Science) diluted 1:20000 in MB + 1% milk powder. The remaining rinses, incubation with CDP-Star reagent, and exposure to X-ray film, were done as instructed by the manufacturer (Roche Applied Science).
Sequence analyses: Primers pair 2F and 7R (see Fig. 1 and supplemental Table 1; respectively, 896bp proximal to "L" and 673bp distal to "B") were used to amplify the intervening DNA in selected recombinants. The amplified product was purified using QIAquick PCR Purification Kit (QIAGEN Inc., Valencia, California, USA) and sequenced in the distal direction using primer AGT TTG TAG CCC TGC TGA CG (located 571bp
proximal to "L" insertion site) and in the proximal direction using primer TTG TAA TAG TCC AGG GTT ACC G (located 261bp distal to "B" insertion site). Fig. 2B , and C, respectively, below).
Immunohistochemistry
RESULTS
Chromosomes generated by P-element induced male recombination of 2 Pelements in trans: The neuropeptide Crustacean Cardioactive Peptide (CCAP at 94C4; PARK et al. 2003 ; cf. Fig. 1 ) plays an important role in the control of ecdysis, the behavior used by insects to shed their old cuticle at the end of the molt (Reviewed in EWER and REYNOLDS 2002) . In order to more fully understand the role of this neuropeptide, we sought to isolate mutants that lacked a functional CCAP gene. As a first step, we were interested in isolating genetic deletions that included CCAP and were smaller than the Df(3R)23D deletion (breakpoints: 94A3-4; 94D1-4), the smallest extant deletion for this region. We first screened for imprecise excisions of P-element strains P{lacW}l(3)L0580 L0580 ("L") and P{GT1}CG17618 BG02691 ("B"), which carry insertions 15Kb proximal and 25Kb distal to CCAP, respectively, using standard procedures (GRIGLIATTI 1998) . Of approximately 2000 excision lines obtained by mobilizing the "L" element (Hoose and Ewer, unpublished) and ca. 500 excision lines obtained using the "B" P-element insertion (Ewer, unpublished), no line was isolated that carried a deletion >1.5 Kb. For this reason we attempted to produce a deletion by inducing "male recombination" of these 2 P-elements in trans (cf. PARKS et al. 2004) .
To do so the chromosome bearing the "L" insert was first marked with the proximal recessive eye color marker st 1 and the chromosome bearing the "B" P-element was marked with the distal recessive eye marker ca 1 , using standard meiotic recombination.
These marked insertions were then placed in trans in the presence of a source of Ptransposase and the progeny screened for st 1 ca 1 "male recombinants" (see Materials and Methods). Forty-three independent "recombinant" chromosomes were isolated out of approximately 20,000 flies screened (i.e., around 0.2%), and were balanced as individual lines for further analyses.
The resulting chromosomes were then analyzed for viability when homozygous, as well as when heterozygous with Df(3R)23D1. In addition, the central nervous system (CNS) of 3 rd instar larvae homozygous for each recombinant chromosome was processed for CCAP immunoreactivity (CCAP-IR) to determine if the DNA encoding this neuropeptide was still functional.
All 43 lines could readily be classified into 2 groups. Lines from the first group (12/43 = 28%) were viable as homozygotes and when heterozygous with Df(3)23D1.
Homozygous larvae from all of these lines showed normal CCAP-IR (cf. Fig. 2C ; data summarized in Table 1 ; see Park et al., 2003) . They are referred to as "homozygous viable lines", below. On the other hand, recombinant lines from the second group (31/43= 72%), were not viable when homozygous or heterozygous with Df(3)23D1.
Homozygous recombinant animals from 28/31 of these lines died at the end the 3 rd larval instar with an elongated body, and showed no CCAP-IR ( Fig. 2B ; data summarized in Table 1 ), while the remaining 3/31 were embryonic lethal (these lines
were not analyzed for CCAP-IR). These 31 lines are referred to as "homozygous lethal lines" below. Their characteristics, especially their lack of CCAP-IR as homozygotes, suggest that at least part of the DNA in the region bracketed by the "L" and "B" Pelements had been deleted.
The genomic region between the "L" and "B" P-elements is predicted to encode 14 genes in addition to CCAP, 8 of which are of unknown function (cf. FlyBase). Thus, the simple grouping of recombinants into homozygous viable and homozygous lethal classes could hide a more complex picture. For this reason we sought to characterize further the nature of the lesions present in the recombinant lines. To do so we first used PCR to determine the gross integrity of the P-element ends and of the genomic DNA immediately flanking the insertion sites in each of the recombinant lines. For this we used DNA from heterozygous flies for testing for the presence of the inverted repeats on P-element ends, and DNA from homozygous (or hemizygous using Df(3)23D1) larvae for testing the integrity of the DNA in the vicinity of the P-element insertion sites. This latter test was not done for the 3/43 lines that did not produce homozygous 3 rd instar larvae. The location of the primers used is indicated in Fig. 1 , and their sequences are listed in supplemental Table 1 . In addition, flies bearing recombinant chromosomes were crossed to white (w) mutant flies to assess their eye-color, and thereby possibly infer the integrity of the parental P-elements (each carried the mini-white transgene and expressed a distinguishable eye color). Male progeny resulting from this cross were aged for 5 days, and their eye color was compared to that of the progeny obtained using the parental P-element strains. Eye color was classified as being: indistinguishable from w (w), similar to that of "L" (L) or that of "B" (B), lighter than that of the lightest of these ("B"; < B), darker than that of "L" (>L), intermediate (>B <L), or indistinguishable from that of wildtype (w + ). The results of these analyses are summarized in Table 1 .
Structure of homozygous viable P-element induced male recombinant chromosomes: Complementation tests using Df(3)23D1 and CCAP immunostaining
suggested that the DNA in the region between the "L" and "B" P-element insertion sites was mostly intact in the 12/43 homozygous viable lines. Our PCR results, summarized
in Table 1 and discussed below, are consistent with this interpretation. In particular, all 12/12 recombinant chromosomes produced normal sized products when testing for the integrity of the DNA immediately proximal to the "L" and the "B" insertion sites and immediately distal to the "B" insertion site (fragment #1, obtained with primer pair 1F+1R; fragment #5, obtained with primer pair 5F+5R, and fragment #8, obtained with primer pair 8F+8R, respectively; see Fig. 1 and Table 1 for a schematic showing the location of these fragments), and 10/12 lines amplified a normal fragment #4 (from DNA immediately distal to "L", amplified using primer pair 4F+4R, cf. Fig. 1 and Table 1 ).
These results together with the normal pattern of CCAP expression suggest that any genetic lesions present in these lines would likely be confined to P-element DNA and/or to DNA in the immediate vicinity of the P-elements. Small deletions or duplications (cf. PRESTON et al. 1996) would, nevertheless, not have been detected by our tests.
Homozygous viable recombinant chromosomes could be further subdivided into 3 broad classes, based on the integrity of the "L" and "B" P-elements. A first class (4/12) contained recombinants where a precise or near precise excision of the "L" P-element had occurred. This diagnosis was based on the fact that DNA from these chromosomes failed to produce bands with primers 2F and P_31 (product #2, cf. Table 1 ) and P_31
and 3R (product #3, cf. Table 1 ), and that the 2F+3R primer pair produced a band which was the same size as that obtained using DNA from wildtype flies. These chromosomes also produced normal-sized products from genomic DNA flanking the "L" P-element insertion (products #1 and #4, obtained using pairs 1F+1R and 4F+4R, respectively; cf. Table 1 ), suggesting this DNA was intact. In 2 of these 4 recombinants the other ("B") P-element was likely intact, based on the production of normal sized products with primer pairs 6F+P_31 (product #6, cf. Table 1 ) and P_31 and 7R (product #7, cf. Table 1) , and the expression of a "B" eye color. In the remaining 2 lines, at least part of the "B" P-element had been lost, because products #6 and #7 were not obtained or the flies expressed a w-eye color. Interestingly, the 6F+7R primer pair also failed to produce an amplification product, indicating that either a significant fragment of the "B"
P-element was still present, or that DNA that included the 6F or 7R sequences had been deleted.
A second class of viable recombinants was essentially equivalent to the first, except that in this case it was the "B" P-element that appeared to have excised. They all failed to amplify products #6 and #7 (cf. Table 1 ), which depend on the presence of the Pelement terminal inverted repeat, and amplified a wildtype-size product using primers 6F+7R, indicating a precise (or near precise) excision of the "B" P-element. Similarly to what was seen for the first class, the other (in this case "L") P-element appeared to be intact in some (2/4) of these recombinants, based on the presence of the P-element ends (products #2 and #3; cf. Table 1 ) and the expression of "L" eye color .
The remaining 4/12 homozygous viable lines produced a more complicated constellation of PCR products. Three of these lines were similar to the first class, with most of the changes involving the "L" P-element insertion site, whereas in the fourth line most of the changes were detected around the "B" P-element insertion site.
Structure of homozygous lethal P-element induced male recombinant chromosomes: The structure of the viable recombinants suggests that the lesions present in these lines were likely confined to the DNA in the immediate vicinity of the "L"
and "B" P-elements. Their structure suggests that they arose through a simple "male recombination" event involving one of the two P-elements and the corresponding DNA on the homologue (PRESTON and ENGELS 1996; PRESTON et al. 1996) ; further tests would be needed to confirm our preliminary assessment of the structure of these recombinants. As detailed below, the majority of the lethal recombinants were, by contrast, likely produced by "male recombination" events involving the region around the "L" P-element on one chromosome and that surrounding the "B" P-element on the homologue, thereby deleting most of the intervening DNA.
Thirty-one out of the 43 recombinant lines were lethal when homozygous and also when heterozygous with Df(3)23D1. The DNA proximal to the "L" and distal to the "B" Pelements appeared to be mostly intact in these lines because all 28 lines that were tested amplified a normal sized fragment from DNA proximal to "L" (band #1; cf. Fig. 1 and Table 1) , and 27/28 produced a normal sized fragment from DNA distal to "B"
(product #8 obtained using primer pair 8F+8R, cf. Fig. 1 and Table 1 )(3 out of 31 lethal lines were embryonic lethal and were not subjected to these PCR tests). These findings strongly suggest that the vast majority of these recombinants carried deletions that were confined to the region between the 2 P-elements.
The 31 homozygous lethal lines could be further divided into several classes (Table 1) based on the structure of the DNA bounded by these two P-elements. The vast majority of the homozygous lethal lines produced normal sized PCR products on the proximal side of the "L" P-element (29 of the 31 lines produced normal sized PCR product #2) while failing to do so on the distal side (PCR products #3 and #4 were not obtained for 30/31 and 26/28, respectively [the 3/31 embryonic lethal lines were not tested for product #4]). In contrast, and as summarized in Table 1 , there was more variation on the side associated with the "B" P-element, with the DNA proximal to the "B" element being intact in many cases, and DNA distal to "B" being disrupted in some cases. Thus, 19/28 and 25/31 amplified normal-sized (proximal) products #5 and #6, respectively, and only 25/31 amplified normal-sized (distal) fragment #7. Nevertheless 27/28 amplified normal product #8, suggesting that the DNA was only disrupted in the immediate vicinity of the "B" element insertion. This conclusion is supported by our limited Southern analyses (see below).
A subset of the homozygous lethal lines that appeared intact proximal to "L" and distal to "B" were analyzed by Southern blot to determine the gross integrity of DNA proximal to "L", between "L" and "B", and distal to "B". Fig. 3A summarizes the results obtained with hybridization probes 1-6 using DNA from hemizygous controls ("L" and "B" lines heterozygous with Df(3)23D1) and from lines #12, #13, #36, #38, and #41;
representative examples obtained with probes 2, 4, and 6 are shown in Fig. 3B . The results obtained indicate that the regions proximal to "L" and distal to "B" are grossly normal, whereas the region between the 2 inserts has been deleted. These findings, coupled with the lack of CCAP-IR and the PCR results interrogating the region immediately flanking the insertion sites, strongly suggest that the lesions present in these lines is limited to the DNA between the "L" and "B" inserts in the vast majority of cases.
We used two further criteria to choose the most desirable deletions, which, for our purposes, were those in which the region between "L" and "B" insertions had been most completely deleted. First, we limited our search to lines that had completely lost the white eye color marker gene present on the P-elements. Of these, we chose for further characterization recombinant chromosomes in which the putative deletion could be spanned by PCR. For this we used the 2F+7R primer pair; these primers are, respectively, 896bp proximal to "L" and 673bp distal to "B" (1569bp, total; see Fig. 1 ).
As shown in Fig. 2A, 3 lines (#12, #13 and #38) amplified products of ~7, ~4 and ~1.5
Kb using this primer pair; animals from the remaining 25 larval lethal lines produced products >10Kb and were not analyzed further (data not shown). Since the "L"
(P{LacW}) and "B" (P{GT1}) are 10.7 and 8.5 Kb in length, respectively, our PCR results suggest that the majority of the intervening genomic DNA as well as the P-element DNA were likely deleted in these 3 lines. Sequencing ~1.2 Kb from either end of the 2F+7R PCR products for these three lines showed that the genomic DNA flanking the Pelements was intact up to the insertion site, beyond which it matched P-element sequences. These sequence analyses are summarized in Figure 4 and supplemental 
DISCUSSION
Use of P-element induced recombination between P-elements in trans for
producing deletions with defined end points: Here we show that placing two Pelements in trans in the presence of transposase and screening for "male recombination" resulted in the isolation of genetic deletions that were bracketed by the two P-element insertion sites. These deletions were about 40Kb in size, which is far greater than the size that is typical for deletions created by imprecise excision of Pelements (e.g. XU et al. 2006 and our initial screens using each P-element singly).
Several lines of evidence support our hypothesis that the deletions obtained here are roughly bounded by the P-elements used.
(1) Of the 31 lethal "recombinant" lines obtained (out of 43 lines isolated, which included 12 homozygous viable lines), PCR tests suggested that at least 28 of these were lacking most of the DNA bounded by the P-elements, whereas the DNA outside of this region seemed intact.
(2) Animals homozygous for these 28 lethal recombinants expressed the same terminal phenotype at the third instar larval stage, and lacked immunoreactivity to CCAP, a gene located 15Kb distal and 25 Kb proximal to the P-elements, respectively. (3) Southern analyses of 5 lethal recombinants and direct sequencing of 3 of these further suggested that the region between the P-element insertion points was deleted whereas the regions outside it were intact. Nevertheless, our tests could not exhaustively test the integrity of the whole genetic region (defined by Df(3R)23D1), so it is possible that additional lesions were induced on the lethal recombinant chromosomes. The fact that 3/31 lines were embryonic lethal suggests that such lesions may have occurred in other lines (other possibilities are discussed below).
A previous study by COOLEY et al. (1990) showed that the excision of P-elements placed in cis could result in the deletion of the intervening DNA. In contrast, no such deletions were obtained after screening ~4000 progeny resulting from the mobilization of the same 2 P-elements in trans. We do not know why we succeeded where Cooley et al. (1990) failed, but it is likely to be due to low recovery frequency. We recovered Pelement induced recombinants at a frequency of 0.1-0.5%, and of these ~3/4 were deletions. A conservative estimate would therefore predict that at least 3 lethals should have been recovered among 4000 flies. However, it is not improbable for the expected number to be zero due to variable excision frequencies of P-elements inserted at different genomic locations.
Although the deletions obtained by Cooley et al. (1990) were produced at the higher rate of ~1%, placing the 2 P-elements in cis can be a challenge, especially if one wishes to produce small deletions. For this reason, we favor the approach described here.
Ongoing comprehensive efforts by the Bloomington Drosophila Stock Center have
shown that this approach is generally applicable for producing genetic deletions using combinations of different P-element constructs (PARKS et al. 2004) . At the cytological level, the resulting deletions appear to be limited to the region between the insertion sites, are much larger than those produced here (indicating that proximity is not a limiting factor), and have been recovered at frequencies similar to that reported here (K.
Cook, personal communication). This method has also been successfully used to produce deletions that include the MICAL locus (TERMAN et al. 2002) . Although the generation of genetic deletions using P-elements in trans is now included in the arsenal of tools used in Drosophila research (Reviewed in VENKEN and BELLEN 2005) , to our knowledge this study is the first to molecularly characterize the lesions present in the resulting "recombinant" chromosomes.
Our findings invite a comparison between the use of standard P-elements versus FRTcontaining mobile elements for making deletions with defined endpoints (cf. PARKS et al. 2004; RYDER et al. 2004 RYDER et al. , 2007 . Overall, there are currently more FRT-containing inserts (20,259) than "conventional" P-element insertions (8,346). (Supplemental Table   3 ; Kevin Cook, personal communication, and Robert Levis, personal communication;
note that FRT containing XP elements were not included in the census for P-element insertions). The greater number of FRT-containing elements, along with the highly precise nature of deletions that can be generated through them suggests that methods that make use of FRT-containing elements would be preferable. However, this method requires that the two FRT sites be in the same orientation, potentially reducing the number of usable inserts to 1/2 of the total number flanking a region of interest; by contrast, conventional P's can be used in trans for making genetic deletions in either orientation (PARKS et al. 2004) . In addition, the insertional preference of FRTcontaining piggyBac elements (THIBAULT et al. 2004 ) is different from that of P's (SPRADLING et al. 1999) , making the potential utility of the 2 collections difficult to evaluate for a given target region. Thus, we recommend that both collections be considered for creating a custom genetic deletion.
Scheme for producing deletions using P-elements in trans: Our analyses suggest a straightforward scheme for identifying "recombinants" bearing a desired deletion. If essential genes exist in the interval between the two P-elements, the recombinant chromosomes could first be screened for homozygous lethality. If either P-element is located immediately next to a vital gene, however, false positives may be produced by a "simple" P-induced male recombination event in which the recombinant chromosome is essentially intact except for the deletion of DNA immediately flanking the P-element (PRESTON et al. 1996) . Therefore, it would be advisable to carry out a complementation test against a gene located well within the region to be deleted. In our study, CCAP-IR served a similar purpose to a complementation assay, as the CCAP gene lies approximately 15Kb distal to the "L" element and 25Kb proximal to the "B"
element. This assay was sufficient to confirm the utility of 28 of the 31 homozygous lethal lines, out of the 43 recombinant lines generated.
The next step will depend on whether one wishes the deletion to still carry one (or both)
of the markers associated with the P-element (mini-white for this study). Retaining such marker(s) might be desirable for some applications, such as uses where the marker would serve to follow the segregation of this chromosome, etc. If this were desirable, the best prescription would be to determine which of the lines that still carry this eye color marker fail to amplify PCR products from genomic DNA located between the two P-elements (e.g., products #4 and #5 in Fig. 1 and Table 1 ) but produce normal amplification products immediately outside of the P-elements (e.g., products #1 and #8
in Fig. 1 and Table 1 ). These tests would select for deletions that lack the DNA between by the P-elements but retain sequences outside of this region. Here, it would have produced 6 candidates out of the 31 homozygous lethal lines (Lines number 25, 24, 25, 32, 34 and 36; see Table 1) . Further tests would then be done to ensure that the intervening DNA has indeed been deleted (e.g., PCR, Southern analyses and DNA sequencing).
If, on the other hand, retaining the P-element marker were immaterial, the simplest test would be to carry out a PCR using a primer proximal to the proximal insert in combination with a primer distal to the distal insert (e.g., primers 2F+7R, Fig. 1 ).
Obtaining a product would imply that most of the DNA between the 2 primers has been deleted. Note that this test can be done on flies heterozygous for a wildtype chromosome (e.g. a balancer chromosome), as the DNA from the latter chromosome will amplify a product of much larger size (if any were produced; in our case it was not because the amplification procedure could not amplify a 40Kb product). Deletions that produce a small amplification product are likely to be lacking the markers of both Pelements (in our study, 3/3 of the lines containing small amplification products were white-eyed), so pre-screening for the absence of these markers would reduce the list of candidates to be tested.
The key feature of the screen used here is that it was based on the identification of Pelement-induced recombinants. If, by contrast, the screen were based on the loss of the markers present on the P-elements, the majority of the candidates would be simple excisions (precise or imprecise) of one or both of the P-elements. Indeed, single excisions occur at frequency of about 10-15% (e.g., ENGELS et al. 1990) , which is a frequency 10 to 100 times higher than that of male recombination events involving either a single P-element (1%; PRESTON et al. 1996) or two P-elements in trans (0.1-0.5%; this study). Even in our case, screening among the recombinants for the loss of both markers would not be recommended, unless deletions lacking these markers were desired (see above). Although such criterion would have enriched for deletions, many potential deletions would have been discarded. Indeed, 78% (14/18) of recombinants that had lost both markers were deletions, but only 45% (14/31) of the deletions had lost both markers.
The deletions produced here removed the gene encoding the neuropeptide Crustacean Cardioactive Peptide. Based on results obtained in the moth, Manduca sexta, this neuropeptide was believed to be critical for turning on ecdysis, the behavior used by insects to shed their old cuticle at the end of the molt (EWER and REYNOLDS 2002).
However, we have produced Drosophila bearing targeted ablations of these neurons, and found that they express essentially normal ecdysis in the larva but fail at pupal ecdysis (PARK et al. 2003) . Larvae homozygous for the deletions produced here did not die until the end of the 3 rd instar, consistent with our finding that CCAP is not essential for turning on the behavior in the larva. Since these deletions removed 14 predicted genes in addition to that encoding CCAP, the exact function of CCAP will necessitate the production of smaller deletions, or of point mutations. The deletions produced here will be of great utility for aiding in the isolation of mutations in the ~1Kb gene that encodes the 9 amino acid CCAP neuropeptide. For example, the relatively small number of genes included in the deletions generated here means that a heavily mutagenized chromosome can realistically be tested using complementation tests for hits within this interval. Mutations within the resulting complementation groups can then be tested for mutations within CCAP using CCAP immunohistochemistry.
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// // (A) PCR amplification using primers outside of the region between the "L" and "B" P-elements (2F+P and P+7R; see map below gel; "P" primer corresponds to the P-element specific 31-bp terminal) yielded products of the expected lengths (~900bp and ~700bp, respectively) in lines #12 and #13, suggesting that these regions were intact in these 2 lines. Line #38 yielded the expected product from the 2F+P_31 reaction, while the P_31+7R reaction yielded no product, most likely due to lack of complete P_31 sequence remaining in this line (see Fig. 4D below.) PCR amplification using the external primers 2F+7R yielded no product from parental controls (not shown), due to the intervening 40kb of DNA. However, the same reaction using DNA from lines #12, #13, and #38 yielded ~7, ~4, and ~1.5 Kb products, respectively, indicating that most of the DNA between the "L" and "B" P-elements has been lost in these lines. Direct sequencing of these products supports this hypothesis (see Fig. 4 (indicated in D). In (B) and (C), the question marks ("?") reflect the fact that only ca.
400bp of P-element DNA was sequenced from the proximal and distal directions, so the complete sequence of remaining P-element DNA is not known. ? ?
